A mid the ongoing opioid crisis in the United States, the health care system of the U.S. Department of Veterans Affairs (VA) has adopted several strategies to reduce opioid overprescribing and related adverse health outcomes (1, 2) . Although these efforts by the largest integrated health care system in the country include robust monitoring of opioid prescriptions dispensed within VA, less attention has been directed toward opioids dispensed to VA enrollees through non-VA providers and non-VA insurance. Yet, approximately 80% of VA enrollees have other types of public or private health insurance coverage. More than half (51%) have Medicare, and of these, nearly a third are also enrolled in the Medicare Part D prescription drug benefit (3) . The number of veterans using alternative sources of medical and prescription benefits in addition to receiving care at VA facilities is likely to increase given ongoing reforms to bolster access to non-VA care through VA's community care programs (4, 5) .
Use of both VA and non-VA providers may increase the complexity of medication management by limiting providers' ability to monitor and coordinate services because of limited information sharing across health systems (6 -13) . Furthermore, use of multiple health systems could undermine the effectiveness of VA's internal efforts to discourage opioid overuse and reduce opioid-related harms (14, 15) . Evidence from prior studies indicates that receipt of care from unconnected health systems is associated with excess use and costs (9, 16 -18) and increased risk for potentially unsafe prescribing of opioids and other medications (11, 12, 19, 20) . Among veterans dually enrolled in VA and Part D, receiving opioids from both systems (that is, dual use) is associated with significantly increased risk for highdose opioid exposure (12) and overlapping opioid and benzodiazepine prescriptions (20) , both of which are strongly associated with increased risk for overdose death (21) (22) (23) .
Although the association between dual use and unsafe medication use is now well established, no prior study to our knowledge has evaluated the association between dual use and adverse health outcomes of unsafe prescribing, such as overdose death. Veterans are at increased risk for opioid use disorders and have fatal accidental overdoses at nearly twice the rate seen in U.S. adults (24) . We aimed to assess the association between dual receipt of opioid prescriptions from VA and Part D and death from prescription opioid overdose among veterans enrolled in both systems. We hypothesized that dual users would be more likely to die of prescription opioid overdose than those receiving opioids through 1 system only.
METHODS
We conducted a nested case-control study in a previously defined cohort of more than 3.2 million veterans who filled at least 1 opioid prescription from either VA or Part D between 1 July 2011 and 31 December 2013. We chose a case-control approach because death from prescription opioids is a relatively infrequent health outcome at the population level. The nested case-control design ensures that case and control patients are derived from the same source population. The VA Pittsburgh Healthcare System Institutional Review Board approved this study.
Data Sources
We linked national patient-level data from the VA and Centers for Medicare & Medicaid Services in calendar years 2011 to 2013. Data from the Centers for Medicare & Medicaid Services were unredacted and included substance abuse claims. Veteran demographic characteristics came from the VA Corporate Data Warehouse and Medicare beneficiary summary files. We obtained information on outpatient prescription medications from VA Pharmacy Benefits Manage- The first 3 allowed replacement of control patients, and the final step was without replacement. Therefore, unique control patients could be possible matches for ≥1 case patient before the last step. First, we matched control patients to case patients on the 5 time-invariant variables (birthdate ±5 y, sex, race/ethnicity, region of residence, and rurality of residence), and assigned the date of death from each case patient as the index date for matched control patients (n = 1 522 446 unique control patients matched to n = 219 case patients). Second, we applied the same exclusion criteria to control patients as described for case patients (n = 271 805 unique control patients matched to n = 219 case patients 
Identification of Case and Control Patients
We defined case patients as veterans who died of a prescription opioid overdose that was unintentional or of indeterminate intent between 1 January 2012 and 31 December 2013, determined by the presence of underlying cause-of-death code X42, X44, Y12, or Y14 from the International Classification of Diseases, 10th Revision (ICD-10), in combination with code T40.2, T40.3, or T40.4 (Appendix, available at Annals.org) (27). We excluded suicides and overdose deaths attributed to heroin to focus exclusively on prescription opioids, which are in theory more directly linked to dual prescribing. Case patients were also required in the 6 months before death to be continuously enrolled in both VA and Part D and to fill at least 1 opioid prescription. We excluded case patients whose only opioid either was a formulation for which reliable morphine milligram equivalents (MME) could not be computed (for example, oral liquid) or was intended solely for treatment of substance use disorder (that is, buprenorphine-naloxone or liquid methadone). We also excluded case patients who received hospice services or had missing information on key variables. We defined index date as the date of death.
We matched up to 4 living control patients with each case patient on the basis of 9 variables. We initially matched patients on the 5 time-invariant variables (birthdate ±5 years, sex, race/ethnicity, region of residence, and rurality of residence). We then assigned the date of death from each case patient as the index date for matched control patients and proceeded to match on 4 time-variant variables (disability as the reason for Medicare enrollment in index year; enrollment in Medicaid and Part D low-income subsidy in prior 6 months; Medicare managed care enrollment in prior 6 months; and a medication-based comorbidity index, the adapted RxRisk-V [28] , in prior 6 months). We captured race/ethnicity from VA data supplemented by the Research Triangle Institute race/ethnicity indicator from Medicare (when missing from VA data). We used all medications prescribed through VA and Part D to calculate the RxRisk-V score. This validated measure of comorbidity classifies prescribed medications into 45 disease-related categories and predicts all-cause mortality with good discrimination (28) . Because medical comorbid conditions are systematically undercoded in VA compared with Medicare, we chose to adjust for comorbidity using RxRisk-V; this measure is less susceptible to measurement discrepancies across health systems than the Elixhauser index, which ascertains 30 comorbidity indicators from diagnosis codes (28 -31) .
We applied all selection criteria equally to case and control patients through a matching process comprising 4 steps, of which the first 3 allowed replacement of control patients and the last did not. First, we matched patients on the time-invariant variables and assigned the date of death from each case patient as the index date for matched control patients. Second, we filtered control patients according to the same inclusion criteria described earlier for case patients, although control patients had to be alive on the case patient's index date. This step ensured that control patients received at least 1 opioid prescription within 6 months before the index date to define the source of these prescriptions. Third, we matched case and control patients on the timevariant covariates. Finally, we randomly sampled up to 4 control patients per case patient without replacement ( Figure 1 ).
Definition of the Exposure of Interest
For all case and control patients, we identified sources of opioid prescriptions (VA only, Part D only, or both VA and Part D) dispensed within 6 months before the index date. Part D-only and VA-only users were veterans who obtained all opioid prescriptions through Part D or VA, respectively. Dual users obtained at least 1 opioid prescription from each source.
Definition of Covariates
We used data from the VA and Centers for Medicare & Medicaid Services to identify potential confounders of the association between our exposure of interest and death from prescription opioid overdose. These included marital status (32) and presence of an operational prescription drug monitoring program (PDMP) before the index date in the veteran's state of residence (33) . We accounted for differences in health status by creating indicators for the total number of nonopioid medications used within 180 days before the index date and for use of antidepressants and antipsychotics (as proxies for psychiatric conditions) (12) . We accessed dates of PDMP operation from the data portal of the Prescription Drug Abuse Policy System (34). Because case and control patients were balanced 
ORIGINAL RESEARCH Dual Receipt of Prescription Opioids and Prescription Opioid Overdose Death
on all matching variables except age, we also included a categorical age variable as a covariate. We described opioid dose, use of benzodiazepines, and use of other central nervous system depressants but excluded these from the main analysis because prior studies indicate that these variables lie in the causal pathway between exposure and outcome and are thus unsuitable for model adjustment (12, 20, 35) . In a sensitivity analysis restricted to fee-for-service enrollees (because diagnosis codes are incomplete for enrollees of Medicare managed care plans), we also used ICD, Ninth Revision, codes from claims to adjust for alcohol and drug use disorders and comorbid conditions from the Risk Index for Overdose or Serious Opioid-Induced Respiratory Depression (RIOSORD) (36, 37) . The RIOSORD measurements included hepatitis or cirrhosis, bipolar disorder or schizophrenia, chronic pulmonary disease, end-stage renal disease, traumatic injury, sleep apnea, emergency department visits, and hospitalizations. We then adjusted for the presence of these characteristics within 12 months before the index date because they are recognized as risk factors for nonfatal and fatal overdose (38 -40) . This sensitivity analysis also adjusted for cancer diagnosis.
Measures of Opioid Use
We compared patterns of prescription opioid use in case and control patients across the 3 categories of the exposure variable: dual use, VA-only use, and Part D-only use. During the 180 days before the index date, we measured the number of days with prescription opioid supply, the number of days with more than 120 MME, cumulative MME dose, and average daily MME for the days patients had opioid supply. We used previously described methods (12, 20) to estimate daily opioid doses. In addition, we estimated the extent of dual use by calculating the proportion of opioid days' supply obtained from VA among dual users. We also identified the types of opioids prescribed, by case versus control patients and by source of opioid prescriptions.
Statistical Analysis
We calculated descriptive characteristics of case and control patients and used univariate conditional logistic regression (SAS PROC LOGISTIC with STRATA option) to compare case and control patients. We used multivariable conditional logistic regression to account for matching in assessing the association between the exposure of interest and death from prescription opioid overdose. We quantified the magnitude and precision of the association using odds ratios (ORs) and corresponding 95% CIs in unadjusted models and models adjusting for the previously described covariates. We used the Wilcoxon rank-sum test to assess betweengroup differences in the medians and interquartile ranges (IQRs) for the opioid use measures.
We did several sensitivity analyses. First, we repeated the analyses using case and control patients who were further matched on VA facility to account for potential differences in practices that affect opioid prescribing, patient care, and use of non-VA providers. Second, we repeated the analysis with additional statistical adjustment for differences between case and control patients in overlapping use of opioids and benzodiazepines, high opioid dosage, and use of gabapentin or pregabalin. Third, among fee-for-service enrollees, we adjusted for additional comorbid conditions, including measures from the RIOSORD index, alcohol and drug use disorders, and cancer (36 -40) . Fourth, we defined the exposure variable as dual use of any prescription medication, not only opioids. Finally, we assessed 
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ORIGINAL RESEARCH the strength of potential unobserved confounding that would be required to nullify the observed association between dual use of opioids and overdose death according to specified plausible values of the prevalence of an unmeasured confounder among exposed patients (dual users) and unexposed patients (VA-only users), and the relative risks between the confounder and overdose death (41, 42) . We used the EPISENSRRI module in Stata, version 14 (StataCorp), for the unobserved confounder assessment. All other analyses were done using SAS Enterprise Guide, version 7.1 (SAS Institute).
Role of the Funding Source
The funders had no role in the design or conduct of the study; collection, management, analysis, or interpretation of the data; or preparation of the manuscript.
RESULTS
We identified 1187 persons who died of a prescription opioid overdose, of whom 225 (19.0%) filled at least 1 opioid prescription for which MME could be reliably measured and were continuously enrolled in both VA and Part D in the 6 months before death (Figure 1) . From these potentially eligible case patients, we excluded 10 because of receipt of hospice services (n = 2), missing information on matching variables (n = 4), or absence of any matching living control patients (n = 4). For 10 case patients (4.7%) who had fewer than 4 eligible matches, we matched and analyzed any available control patients. The final analytic sample comprised 215 case and 833 control patients; 205 case patients had 4 matched control patients, 3 had 2 control patients, and 7 had 1 control patient.
Case patients had a mean age of 57.3 years (SD, 9.1), 90.2% were male, 84.2% were non-Hispanic white, 91.2% were disabled, and 27.9% were enrolled in Medicare managed care ( Table 1) . Case patients were slightly younger than control patients (mean age, 57.3 vs. 58.3 years; P = 0.001), but the remaining matched variables did not differ significantly between groups. For variables not used in matching, case patients differed from control patients by marital status (P < 0.001) and were significantly more likely to have received antidepressants (63.3% vs. 53.1%; P = 0.008), antipsychotics (29.8% vs. 16.6%; P < 0.001), gabapentin or pregabalin (49.3% vs. 28.6%; P < 0.001), or benzodiazepines (52.1% vs. 28.6%; P = 0.004) in the 6 months before their index date.
Overall, 60 case patients (27.9%) and 117 control patients (14.0%) received opioid prescriptions from both VA and Medicare Part D within 6 months of the index date ( IQR = interquartile range; MME = morphine milligram equivalents; VA = U.S. Department of Veterans Affairs. * We calculated the average daily MME dose on days with opioid supply and then obtained median values of these average daily doses. † All P values < 0.001. Included 215 case and 833 control patients (n = 1048). ‡ Included 42 case and 279 control patients (n = 321). § All P values < 0.001. Included 113 case and 437 control patients (n = 550). ͉͉ Included 60 case and 117 control patients (n = 177).
ORIGINAL RESEARCH Dual Receipt of Prescription Opioids and Prescription Opioid Overdose Death
similar between case and control patients ( Table 5) . Table 6 shows the frequencies of opioids prescribed by type.
The main results remained essentially unchanged in sensitivity analyses that varied model specifications, except that the comparison of dual use with Part D-only use was no longer statistically significant in a subset of these analyses (Appendix Tables 1 to 4, available at Annals.org). In the sensitivity analysis limited to Medicare fee-for-service enrollees using claims-based risk adjustment, the odds of overdose death were 4 times higher in dual users than VA-only users (OR, 4.04 [CI, 2.11 to 7.74]) (Appendix Table 3 ). We further assessed the potential for unobserved confounding to affect our main results. For the finding comparing dual use with VA-only use, an unobserved confounder would need to have both a relative risk ratio of at least 9.8 with opioid overdose death and an OR of 15.7 or greater for an association with dual use to nullify the observed OR of 3.53 ( Figure 2) .
DISCUSSION
This national case-control study of all veterans dually enrolled in VA and Medicare Part D extends prior research on dual-system opioid prescribing by examining overdose death-the ultimate outcome targeted by many policies of VA and other national organizations. We found that receipt of opioid prescriptions from both VA and Part D was associated with 2 to 3 times greater odds of overdose death than receipt of opioids from VA or Part D alone.
As options expand for VA enrollees to simultaneously receive care outside VA, it is important to recognize and respond to the threat that health care fragmentation poses to quality of care, patient safety, and health outcomes. This study highlights the extent of potential consequences of dual-system use, which go beyond economic costs and poor medication safety and include increased risk for death from prescription opioid overdose. Therefore, coordination of VA and non-VA pharmacy care should be a policy priority to more effectively promote safe prescribing of opioids and other medications for the sizeable population of veterans who receive medication both inside and outside VA.
Although the strong associations found in our observational study cannot establish causality, plausible mechanisms exist by which dual use could lead to higher risk for overdose. Dual use is known to increase the likelihood of uncoordinated and poorly managed care, which can increase risk for accidental death from prescription opioid overdose due to duplicative prescriptions. Like prior research (12, 20) , our study found higher-intensity opioid use and greater rates of opioid dosages higher than 120 MME among dual users than VA-only or Part D-only users. However, controlling for opioid dose, alcohol and substance use disorders, and RIOSORD measures minimally attenuated the observed effect. Although these covariates could partially explain the observed effect, dual use and prescription opioid overdose death still have a substantial relationship even after adjustment for covariates. Our sensitivity analysis indicated that confounding would have to be implausibly large to annul the observed association. Regardless of causality, however, these results make clear that dual use is an important marker of elevated risk for fatal overdose.
Prescription drug monitoring programs, now operational in every state, can help address multisystem dispensing of prescription medications. To date, PDMPs are the only tool that collects comprehensive data on the dispensing of controlled medications across all payer sources, including most VA facilities as of 2016. When queried and interpreted appropriately, which is not guaranteed, PDMP data may be beneficial in efforts to coordinate VA and non-VA opioid prescribing for veterans who are dual users. The VA has promoted PDMP use as part of its Opioid Safety Initiative, and new national requirements suggest that PDMP uptake will improve. For example, a VA directive now mandates that health care providers query the database before starting opioid therapy, and the VA Prescription Data Accountability Act, signed into law in 2017, requires VA facilities to report pharmacy data to their respective state PDMPs to the extent necessary to prevent misuse and diversion (43). The VA is also working to integrate PDMP results into its electronic medical record, although this effort is still far from implementation. Of note, although PDMPs can help identify dual users and may reduce the prevalence of dual use, 
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ORIGINAL RESEARCH whether they will affect the safe use of opioids in VA and ultimately decrease unintentional deaths from prescription overdose is unknown. Additional efforts are in place to address risk for overdose (2, 44) , such as implementation of the Stratification Tool for Opioid Risk Mitigation, which prioritizes individuals for review according to their predicted risk for overdose or suiciderelated events or death in the next year (45); the tool, however, currently accesses only VA data. This study has several limitations. First, it relies on death certificate data generated through unstandardized overdose investigations that may produce data of varied quality and accuracy across states (46, 47). We do not believe that any misclassification of cause of death or specific drugs identified would differ across the exposure groups. Illicit fentanyl could also be reported as a prescription opioid under ICD-10 code T40.4; however, we believe that such misattribution would be minimal because deaths involving synthetic fentanyl became predominant in most U.S. regions after our study period (48) . Second, because of the age of the data, our findings may not accurately reflect contemporary effect estimates; however, the fundamental relationship between dual use of opioids and deaths from prescription opioid overdose may not have changed. Third, our study focused on unintentional deaths, limiting the generalizability of our findings to patients whose overdose deaths were intentional or due to illicit opioids, such as heroin. Whether our findings would generalize to other types of dual health care system use by nonveterans is also unknown (49) . Fourth, we could not identify any opioid prescriptions obtained outside VA or Medicare Part D, such as those paid for in cash or by other insurance or obtained through illicit purchases. We also could not determine whether opioids were consumed as prescribed. Finally, despite matching case to control patients on several measured demographic and clinical characteristics and regression adjustment for other important covariates, we cannot rule out residual confounding. A limitation in our estimation of the magnitude of a confounding variable needed to nullify the observed association is that it may not be applicable in the context of multiple confounders. However, the extent of confounding would have to be impractically large to nullify the magnitude of the association between dual receipt of opioids and death from prescription opioids.
Among veterans dually enrolled in VA and Medicare Part D, receipt of prescription opioids from both systems was associated with more than 2 to 3 times the odds of unintentional death from prescription opioid overdose than with receipt of opioids from only 1 system. These results emphasize the relevance of identifying this vulnerable group of veterans and the importance of care coordination across providers and health care systems to increase the safety of opioid prescribing both inside and outside VA. The plot was drawn by assuming a fixed prevalence (50%) of the unmeasured confounder among exposed persons (dual users) and a plausible prevalence among unexposed persons (VA-only users) ranging from 2% to 12%. The relative risk ratio of a confounder with opioid overdose death needed to nullify the observed adjusted OR ranged from 6.5 to 34.1 (x-axis), and the corresponding OR of the confounder with dual use ranged from 49.0 to 7.3 (y-axis). The area above and to the right of the curved plotted line represents values of the levels of confounding necessary to produce the observed adjusted OR (3.53) in our study. The area below and to the left of the line represents levels of confounding that would not be sufficient on its own, after adjustment for observed variables, to produce the observed OR. For example, the dashed lines indicate that for a confounder with a prevalence of 50% among exposed persons and 6% among unexposed persons, a relative risk ratio ≥9.8 with opioid overdose death (x-axis), and an OR ≥15.7 with dual VA and Part D use (y-axis) would be needed to nullify our observed adjusted OR. OR = odds ratio; VA = U.S. Department of Veterans Affairs. 
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